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In recentyears, much progress has been
ï:]^"i"tË.utt"rr*"nr ofsagirrarimba- )Yît:l 

tl*: t.u*.., are flafter. Durin.qlance, both before 
"nd "ft.;;;;;ilffi- 

llJ conr'rncinglv demorstrur"a ,r-,uî'ri.Ë
rection. pan of tl . position of the peJvis in unr"u.rrion"o,

T'.to,l.i ;;r.îr"Jiir,ii,f;:iil?LÏ :::::":^i* i"n".ï..' rumbar and tho-the pelvis (veritable 'b.t"j.';;;î;;,i racrc curves.

,1îLi:9*g to Duboussetj ,ratr,"t 
"f"tii.]9.we1limbs ut. ;;; hken inro account. Il":"t., 

the pelvis iw.'h;iù;.;'d;. most precise tech- f== ffi *"#iïÈk lli ËnT#il:itî1i:î:ïl;f.':9tu"i mùJ""..,,u.,ur,.,'apr"t. und th. more accentua-surgery.and, turtty,*i]nspostenorspinal r,*: g*Ë;i'traJr,r.'o" rhe contrary;.,"mn*i*;.i:"",ï:ïHï,:i fËt*_i mli=tril.u* r*iî,i;: ï"ï* using bary-

-EvAruarrorù oF sAGryrAr liiiË:1t"1îfi,::Lîî,ï:{;',ffi':;BaLaNcE 
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sagitrar barance is nol"on'er evarr:ared fl_irï :T ïiiljfl:f[Jl:;îï.îf:ustng onlv the angles 
"r.."*i*ii".à"1 ,ru:..rt ,pu"r ffi;':i: more markedsrs, thoracic lgphosis and tumbar i;;;; ôT"i,. rype). rhe petvic tilt is ansts À4anv vea.s ago, n.r-"| aLj"sii- )i*.n-?:ter.izing the posirion of the
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u,hich is a very classic mechanism for
the compensation of antel-iol- inbalance,
because t'etl'oversion positions the femo_
lai heads (FHs) more anter-ior.l1i closet to
r,ertical alignment with the extet:nal
auditorl canals (EACs).

The sagittal list at T9 is the angle betr,i,een
a plumb line and a line fi-om this verle_
bra, the center of mass of the trunli in
barvcentrometry, to the FHs. The average
sagittal list at T9 is 11" and can decrease,
or even harre negative \/alues in case of
set'ere anterior imbalance. Itoi 13] str.es_
sed the impofiance of the position of the
knees, u'hich will bend onl1, in sslrsr:s
cases of anterior imbalance: a femoroti_
bial angle urill then appear and place the
trunk in a more posterior position.

The overall balance of the tmnk can be
erraluated by determining the position of
a veftical line through the center of the
C7 vertebral bodl'(C7 plumb 1ine) with
r"espect to the antedor- or posterior cor_
ner of the sacral endplate. To have a
more encompassing picture of the verte_
bral column inciuding the cen ical
column, one may draw a verlical jine
fi"om the EACs. According to Gangnet,s

n-]easurements 14], this l ine passes
slightlv posterior- to the FHs oi even
tluough them. The different mecha_
nisms of adaptation to anter-ior- imba-
lance in_cluding retr-or;er-sion of the pei-
r.is and flerion of the knees al-e attenpts
to align the EACs ver-tical to tlie FÈs.
This rueans that an increase in lumbal
lordosis automatically leads to an
inclease in thoracic klphosis if the tho_
racic column is flexible. In serrer.e ante_
dol imbalance (as obserued in anlir,lo_
sing spondr j ir is, for. example) the posl-
tion of the head can be analyzeà in
terms of specific angles (angle betr,veen
the nose-chin line and a ver-tical ]ine,
angle beïureen the dir"ection of r.ision
and a horizontal line, angie betrveen a
veftical line and the occipitodorsal line).

The measut ement of these angles
should be made under very precise
conditions: standing for later-al rrieu,s
rvith the hands resting on the back of a
chaù, an IV stand ar the height of the
pubis or, to be more precise, at the
height of the clavicles (more reprodu_
cible position, er,en though it hiâes the
cenical region) (fig. 1) To obrain a
reploducible position of the cervical

Fig. 1 :
3 reproductible
posit ions on
lateral X-ray
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Fig.4:Stypesof
sagittal balance:
a) ideal balance
b) compensated

balance by pelvic
retroversion and
knee flexion

c) anterior imbalance
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IHE SURGICAL
À4A.I{AGER/rEI{T OFANTERIOR IMBAiATCE
I\.LUDES PRE*Ëii,,;ArvD crn.arr\æ uEasiirrt

Pret: erztiu e h,eatn rcnt

Tie pr"eventir.e nteasji ":,i": :f ïfl il" ;ili tiÏl il ît.î,paricrrr. Instajtei 
",, 

i ï i l .,]",r *or ,r,-

,T:j' 1.',: .;;;.; ï,Xi[:J,iiln
i,ïi,J,i .,'liii.,,l, 1..,Ina,.n o",, iii,,
especialJr ,i',; ;,,iil'o';, i, ïf i,,o.ï'.!l::
;i::.',i'J"i::;:',i:',,;l- i, no u,,*n,p, ,o
ru j rJ i  r .ods ." ; : ; ;  , : ,  

osteosr nthesjs

Ji.*, f :i;; ; :îr r: i:i:,:ï ï.,'î;::i
l;:ï,îo :1,; îuïï,Ïililïkii

ta l  ej lect of  poster. lc
o,.' e\tersor. nr,,r.r.rlt 

sut-glcal e\poslu.e

Curatiue treatnrcnt

The sr,rr gical cur.àlile
Lrporl osreoronli.r,,,irÏl ltnrenr is basecl
l 'enI rechniqr,,"r,-" 

" ' t l l  nLlnlel 'ol ls dif tè-

' 
l]]]]:flt:t.r-se, s osreoior* (Spo) *,asrnt Irallr intended foi.
posrer-ro1. closrir.e .,:rt it l{.: 

lei 'el * ' j th

:lli:li,. "o.lu"_n' "i'l,,.'il::::'ï]ilitech,ique presents r,ascl.lar- , 
"k, 

;,;;has been abanclonecl,
. tVlLrJtipie poster.ior. osr
u.. bàr. j roo;';,;.";j'olonr 

jes (À4Po )

:::::,." ni," ",*"ili:,]ïi-,î.:,î:ornet-ne.\t, br-rt the por,",., o,= hurn,on,; :ïï1il;;'îi,,.,,':
anter"ior" colunrn is necr
care Llse of int..bod, 

ssatrl 1Âè adt'o-

impro'e rtuuli,n oïî' 
cages' rvhich

posterio. orr.oronru'rlrte 
a'et'age' eacJi

ror dosis ui ït""iô';#.:'.iË,;.ï,0"-

Fig' s : Postoperativeflam
Ttreated by pSO ana cages.
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. Pedicie subtraction
is cr-urenrly trre mosr i^:,ï:,îl]::Jt":îl
rurque. Il consisrs in r.enror.ins rhe nos_
rei ' ior.  arch of the chosen', . , . , . f .u,
both pedicles then a u,edge 

"f 
rf,. 

".rlteblal  bodv t j re posrer-ror.base of\\-hrch is ]ii l ired br rlre disc r.osti.allv
and rhe n.r.-. ,.oàr .uuautt,.li ;Ë
osteotomy extends to the anteliot-
u'all, the maximum angle on , ,;i;;
veli high ver-tebr"a is ar-ound 40"; it c;;
attarn 45" if the ,slight\, berrinà d#li:l",lli j,l:l;
thele is a small anlerior-op.ning in ih;
veitebral bodr (fig. O). 

-e..op'.,=r1.,:à

calcuiarion applied using tr.acines o{
Xr"ays or" specific software packajes is
imporlant (f ig. 7.), because rr can simu_
lare. dllTet-erl t).pes of cor-i.ection
{\'at' lab]e angles and level of osreoto_
my). Van.Royen [6] shou.ed,frr i1ir.
tor,r,er the level of osteolomv of a given
angle, the more one cor-r.ects anteiior
imbalance. From a t"ch"icul stunà_
pcint, one should inserl the implurris
closest to the osteot"-], b.f";;;;;;:
ming the osteotomy r.vith an ort.oio_
me (ang.le verification by image inten_
sifier) or" with a curette in latientswith osteoporosis. Closure is obtained
by osteosl'nthesis with .o.pr"rri"i

on both sides of the osteotomy and/or-br changing rhe anele ol,ir. oo.*u:,,n
raDte. I he r.jsk oi epiclLri_al bteeainl
must be kept in mind ancl int.rfrîJrï
cages shor-rld be used ua;^..nt to itr!osteotomy to r-educe tjre tisk of pser-r-
darlhr-osis (fi-e. g et 9).. The tecjnique of rer-tebral t-eseclion
reggshell osteotort),) r.r.as included in ale\,1ew b1,'Br-idrl,ell 17] of various tech_nrques of osteotomy. It consists in hol_to\À/mg out one or mor.e rrer-teblal
bodjes through an anter-ior- approach
at the apex of a stiff scoliosis àAr"*

lr:. ll^î -,..s 
ecting tir" .orr"rponài,rg

neural arches and in con-ecting ra,ith àposterior- osteosynthesis. fhis" rareli,
l-t.d. t::h:iq,re is trrteni.j 

-l,:,*îiii
tor ligid defor.mjries in both ifr. l"r._tal and coronal planes.

. The peh'ic ostàotorny described byGérar"d l8l and more recently byRoussor_rjy f9] is an anterior openins
".9g: 

osreoiom\. similar. ," ô;l';.ri
recnntque thal decr.eases peJvic incj_
dence, vefticalizes the saci:um andconsequenrlv displaces the trtrn-k ante_
lo.r'ri 

(ljg 10). This openmg can ariain
ru- and rs applicable, in our experien_
ce, only_to- very severe i*UuiunË. ,,oiti
no possibility of spinal procedures.

Fig.6:Osteotomyanqle
4,40"-i f .osteotomy stàp b the anterior wal!
:l 

45" i.f osteotomy stop behind tne aîti'io, wattc) control on image iniensifier
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?J;I;r! 
*"oera ti ve c a t c u tati on with s pec if i c

a) initiat position

., 
Ver:igal after osteotomy

o1 pelvic.version correction
r neoric sagittat Iist

c) T9 sagittal list correction
tneoric sagittat list to 11"

.  ,  : . '

SL=l1'

n : osleûtt:-a.,,ângle

Thæric sagittâl
tist to 11.

7on :r':;;"rerative 
ftat btack treated by

l:1.,! ' 
postoperative ftat btack treated by 60,tusionned L2_LS pSO
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Fig. 10 : pelvic
a) Preop X-ray ' b)osteotomY

"tprroi"tiii{ai;;:i,',"J,1.""',""1!;,,i1"",r,r*
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Radiologically

*fftË[k, îïî "i'fl ,,,".0::,,:" #;,1
i:h ff : î fi i\ i;l1;ïî*Hïr'ti
ljj]li .In cer.lain airora..r, ,.,.î 

.u,

ff J.'j;;JiI-:,:', ;,îil l*,xlllll,i:t
:ii':ffi :ïïï:ïflï'' r'' "à"'"i li.

#r::TJ: 
o,?',i,f':.:_'leoronries al.e ve,r,, Functional status

flerjbre ;"; ,il.r:",ï1enot' 
colnnrn js

forced rtith int".rî;;n 
most cases rein- 

Tj..^fri.rtgy] srarus is obviousrv

;;:::',ïi::',-,*kffi=* be p . ;lflîîÏËffi;ffiperric osreoromv is onh erceprionarJr [ii:1Jj'.ï!i'.T'i;i:JJ.iîi,ili*

ffix,rï.liliff j;*î;f:lî#î*îï'.t,:;,',';;*-lËiï,i
"";:: 

9t the 
.knees and paradoxical

-u:lt',t'-on 

of the pelvis. rr,]r p."à".Ë

o ", i,,i àii1|i i ",,,,.i ffi ff .: ;;; i ;;:

T;#ql:'l;"ïffiî;;i!i ;:',îâ?:it',
Tlte indications of osteotomies

The indicat ions deper

fl,i, n : n.,, r,l. I "î',iî*i""1;;,.,J:iïï
ffiïï;'i:"findru,herher it is accorlpa_

TlanspedrcLrlar. osteotont.r, is indicated

lii:l:'ï: i :,i#::iïft ""' i.i",,"''11lÏ
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